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Case report
Heterotaxy syndrome (HS) is a congenital disorder resulting from an abnormal 
arrangement of visceral organs across the normal left-right axis in the embryonic 
period. HS is usually associated with multiple anomalies, including defects of the 
major cardiovascular system and the extracardiovascular system such as intestinal 
malrotation, abnormal lung lobulation, bronchus anomalies, and pancreatic 
dysplasia. Although pancreatic dysplasia is occasionally accompanied with HS, the 
occurrence of diabetes mellitus (DM) due to pancreatic dysplasia in HS is rarely 
reported. We here report a case involving 13-year-old girl with DM caused by 
agenesis of the dorsal pancreas and HS diagnosed on the basis of the presence 
of a double-outlet right ventricle with bilateral pulmonary stenosis and intestinal 
malrotation with duodenal cyst. Timely diagnosis and treatment with insulin 
improved glycemic control. 
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Introduction
Heterotaxy syndrome (HS) is a relatively rare syndrome with an incidence of 1 in 6,000 to 
20,000 live births1). The etiology of HS has been known to be the developmental failure of 
normal left-to-right asymmetry during the embryonic period2). It is associated with multiple 
anomalies, involving both cardiovascular and extracardiovascular systems, such as the 
gastrointestinal, hepatospelenic, neurologic, renal, and skeletal systems1). Pancreatic dysplasia 
may be included in the various accompanying defects in HS3). Although pancreatic dysplasia 
including agenesis or hypoplasia may be related to the occurrence of diabetes mellitus (DM), 
DM caused by agenesis of the dorsal pancreas in HS is rarely reported. Patients with agenesis 
of the dorsal pancreas have been reported to exhibit reduced islet cell mass, reduced glycogen 
synthesis and glycogenolysis, and increased hepatic insulin clearance, thereby resulting in the 
development of glucose intolerance and finally DM4). We present a unique case of HS with 
coexisting DM. To our knowledge, this is the first case report on a HS patient with DM due to 
agenesis of the dorsal pancreas.
Case report 
A 13-year-old girl was referred to the pediatric endocrinology clinic for hyperglycemia 
(randomly checked blood glucose, 409 mg/dL and glycosylated hemoglobin [hemoglobin A1c, 
HbA1c], 19.0%) with chief complaints included polyuria, polydipsia for 3 months, and weight 
loss (2 kg in 1 month). She did not report fever, nausea, vomiting, or abdominal pain. She 
was born at intrauterine period 37 weeks, with 2.02 kg of birth weight by Caesarean section 
delivery and followed by the pediatric cardiology department for double-outlet-right ventricle 
(DORV) with stenosis in both pulmonary arteries since birth. A review of her family history 
found type 2 DM in her paternal grandmother. Her height and weight were 154.5 cm (10th–
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25th percentile) and 42.1 kg (10th–25th percentile), respectively, 
and her body mass index was 17.9 kg/m 2 (10th–25th 
percentile), which was below average. Abdominal tenderness or 
organomegaly was not found on physical examination.
An oral glucose tolerance test (OGTT) was performed, 
and the results were high serum glucose levels (250 mg/dL at 
baseline, 506 mg/dL at 2 hours after oral glucose 75 g load) and 
not low C-peptide levels (1.95 ng/mL at baseline, 4.60 ng/mL 
at 2 hours after oral glucose load). The titers of autoantibodies 
( islet  cel l  antib o dy, antiglut amic acid dec arb oxyl as e 
antibody, and anti-insulin antibody) were negative. Aspartate 
aminotransferase (AST) and alanine aminotransaminase (ALT) 
levels were elevated (152 IU/L and 296 IU/L, respectively), 
whereas the results of other laboratory tests, including complete 
blood cell count, and blood chemistry (pancreatic function, 
electrolyte, serum osmolality, urine osmolality, lipid profile, 
and thyroid function test) were unremarkable. Abdominal 
sonography was performed to evaluate the cause of AST and 
ALT elevation, which revealed intestinal malrotation and partial 
agenesis of the dorsal pancreas in addition to nonspecific 
finding on liver. Abdominal computed tomography confirmed 
intestinal malrotation with a duodenal cyst and partial agenesis 
of the dorsal pancreas (Fig. 1). The combination of DORV with 
pulmonary artery stenosis and multiple extracardiovascular 
anomalies related to abnormal left-to-right axis asymmetry led 
to the diagnosis of HS and DM. In addition, elevated AST and 
ALT changed to normal after 1 week, with conclusion of finally 
recovered acute hepatitis.
An oral hypoglycemic agent was prescribed, which was 
continued for 6 months. However, the patient’s hyperglycemia 
was poorly controlled, and her HbA1c level remained elevated 
(around 17%–19%) despite excellent drug compliance. In 
addition, her C-peptide level decreased gradually for 6 months 
(preprandial level, from 1.95 ng/mL to 1.40 ng/mL and to 1.67 
ng/mL; postprandial level, from 4.60 ng/mL to 2.52 ng/mL and 
to 1.41 ng/mL at the 3-month period and the 6-month period). 
Insulin therapy was initiated, after which hyperglycemia began 
to be controlled. Her HbA1c level also started to decrease (to 
15.0% after 3 months of insulin treatment) (Fig. 2). She now 
receives insulin injection 4 times daily (long-acting insulin once 
every morning and 3 injections of a preprandial rapid-acting 
insulin analogue and the dose of insulin was 20 unit of long-
acting insulin once for every morning and 10 units three times 
a day for every preprandial rapid-acting insulin, total 1 unit per 
kg) without an oral hypoglycemia agent. However, HbA1c was 
still checked high because her compliance to inject insulin daily 
was poor. Thus we educated her again, and we expected that 
HbA1c decreases gradually as times go by. We intended to check 
her serum glucose levels and HbA1c regularly.
Discussion
HS is a rare disease with multiple congenital anomalies 
originating from failure of the normal left-to-right asymmetry 
during the development of the embryo1). Various congenital 
disorders, such as congenital heart anomalies, gastrointestinal 
anomalies, liver dysfunction, pancreas hypoplasia, adrenal mass, 
genitourinary tract anomalies, neural defects, skeletal defects, 
and respiratory tract defects, may accompany HS. In this case, 
a patient with known DORV with bilateral pulmonary artery 
hypoplasia was incidentally found to have intestinal malrotation 
(A) (B)
Fig. 1. (A) Axial computed tomography image showing a partial agenesis of pancreas with non-visible tail of the 
pancreas. Visible portion of the pancreas is just head of the pancreas (white arrow). (B) Axial computed tomography 
image showing intestinal malrotation of right sided small bowel and left sided large bowel and about 27.95-mm 
duplication cyst from duodenum with intussusception (arrow 1, left sided large bowel; arrow 2-3, right sided small 
bowel; arrow 4, duplication cyst from duodenum with intussuception)
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Fig. 2. Progression of hemoglobin A1c (HbA1c) in the patient.
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and partial pancreatic agenesis with duodenal cyst. Accordingly, 
we diagnosed her condition as HS considering the major cardiac 
anomalies accompanying extracardiovascular anomalies such 
as agenesis of the dorsal pancreas and intestinal malrotation.
The pancreas develops from the dorsal and ventral buds, 
which appear from the caudal region of the embryonic foregut. 
Two buds unite during the development and rotation of the 
embryo. Thereafter, the portion of the dorsal bud mainly forms 
the ventrosuperior part of the head, isthmus, tail, and body 
of the pancreas. The ventral bud forms the uncinate process 
and the posteroinferior part of the head5,6). Agenesis of the 
dorsal pancreas may stem from an abnormal arrangement 
of organs across the left-to-right axis. Thus, agenesis of the 
dorsal pancreas is also one of the accompanying anomalies 
of HS. Although an annular pancreas, truncated pancreas, 
and pancreatic malrotation associated with HS have been 
reported7-9), the incidence of pancreatic abnormalities in HS has 
not been exactly studied. Pancreatic abnormalities in HS can 
lead to increased incidence of pancreatitis, DM, and obstructive 
jaundice10). 
Complete agenesis of the pancreas is a rare cause of neonatal 
DM, which is associated with malabsorption, severe intrauterine 
growth retardation, and usually fatal outcomes11-13). Partial 
agenesis of the ventral pancreas is described as a very rare 
congenital anomaly14), and its coincidence with DM has not 
been reported. Partial agenesis of the dorsal pancreas can be 
a cause of DM. It has been reported that 53% of patients with 
agenesis of the dorsal pancreas present with hyperglycemia, 
and approximately half of them require insulin treatment5,6,15,16). 
It has been reported that the islet concentration in the tail 
is significantly greater than that in the head and body17). 
Therefore, agenesis of the dorsal pancreas including the tail 
may cause DM. In a family with agenesis of the dorsal pancreas, 
intravenous glucose tolerance test showed impaired response 
of first-phase insulin secretion in the diabetic mother4). In 
addition, reduced glycogen synthesis and breakdown, and 
increased gluconeogenesis and hepatic insulin clearance were 
demonstrated in the diabetic mother and her son with glucose 
tolerance4). These findings suggest that reduced islet cell 
mass and defects in hepatic glycogen metabolism in patients 
with agenesis of the dorsal pancreas might contribute to the 
development of DM. The patient in this study finally needed 
multiple daily injections of insulin to control her hyperglycemia.
The case of DM with HS had not been reported. Thus, we 
can predict development and progress of DM with HS through 
our case review and compared to patients of pancreas partial 
agenesis. In conclusion, we report the first case of DM due to 
agenesis of the dorsal pancreas in a patient with HS. Although 
the coincidence of agenesis of the dorsal pancreas with HS 
is an extremely rare anomaly, the necessity of measurements 
of serum glucose, C-peptide or OGTT should be considered 
during follow-up since the time of the initial diagnosis, in the 
case of HS with pancreas anomaly.
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